Abstract. This study investigated the effects of alprostadil combined with calcium dobesilate on the treatment of diabetic nephropathy. We recruited 80 patients with diabetic nephropathy, who were randomly divided into experimental (n=40) and control (n=40) groups. Patients received high-quality lowprotein diabetic diet intervention and subcutaneous injection of insulin to adjust blood glucose, combined with antihypertensive, antiplatelet drugs, and other comprehensive treatments. The control group received alprostadil and the experimental group received alprostadil combined with calcium dobesilate. Both groups were treated for 12 weeks as one treatment cycle. The time to remission of clinical symptoms such as mental fatigue and weakness, limb edema, soreness and swelling of waist and knee, cold limbs and limb numbness and pain was significantly shorter in the experimental group than that in the control group (p<0.05). After intervention, the blood levels of small molecular weight proteins, such as β2-microglobulin (β2-MG), cystatin C (CysC), and retinol binding protein (RBP), were significantly lower in the experimental group than those in the control group (p<0.05). The levels of the inflammatory cytokines tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP) were significantly lower in the experimental group than those in the control group (p<0.05). The levels of 25-hydroxyvitamin D and parathyroid hormone were significantly higher in the experimental group than those in the control group (p<0.05). The level of angiotensin II was lower in the experimental group than that in the control group (p<0.05) and the level of fasting serum insulin was significantly higher in the experimental group than that in the control group (p<0.05). The homeostasis model assessment of insulin resistance (HOMA-IR) index was lower in the experimental group than that in the control group (p<0.05). The levels of renal function indexes, blood urea nitrogen, creatinine and uric acid, in experimental group were lower than those in control group (p<0.05). The levels of brain derived neurotrophic factor (BDNF) and insulin-like growth factor-1 (IGF-1) were significantly higher in both groups after the intervention than those before the intervention (p<0.05). The levels of BDNF and IGF-1 were higher in the experimental group than that in control group after intervention (p<0.05). The application of alprostadil combined with calcium dobesilate in patients with diabetic nephropathy can effectively relieve clinical symptoms, improve renal functions, reduce blood levels small proteins, alleviate the inflammatory response, and regulate the levels of BDNF and IGF-1, thus improving the clinical treatment effect.
Introduction
Diabetic nephropathy is the most common microvascular complication of diabetes and the most common cause of endstage renal failure (1) . With the modern changes in dietary structure and life style, the morbidity of diabetes has increased steadily. More than 10% of people aged over 60 years suffer from type 2 diabetes (2), and ~20% of diabetic patients develop diabetic nephropathy. Diabetic nephropathy is the second leading cause of death in diabetic patients and deserves special clinical attention (3) .
Alprostadil is a drug that can effectively expand renal blood vessels and directly act on glomerular arteries and their smooth muscles after spasms caused by increased blood glucose (4) . Thus, alprostadil increases renal blood flow, reduces the renal vascular resistance, and glomerular capillary pressure (5) , improving renal blood supply and reducing the level of urine protein (6) . Alprostadil also demonstrates activity inhibiting platelet aggregation, anti-oxidation and stabilizing cell membranes. The treatment of diabetic nephropathy has a long history, but a single application of alprostadil fails to delay the pathological changes in renal vascular endothelial cells; hence, alprostadil alone cannot fundamentally prevent diabetic nephropathy. Calcium dobesilate can effectively inhibit the synthesis of transforming growth factor (TGF) and protein kinase C, thereby reducing blood viscosity and vascular wall permeability. Moreover, calcium dobesilate has a protective effect on the vascular endothelium, thus improving renal function (7) . In order to improve the clinical outcomes Combined treatment of diabetic nephropathy with alprostadil and calcium dobesilate and reverse the pathological process in diabetic nephropathy, this study mainly discussed the therapeutic value of alprostadil combined with calcium dobesilate for diabetic nephropathy. Experimental indexes. We compared time to remission of the clinical symptom, changes in serum of small molecular protein level, inflammatory cytokine level, and endocrine-related hormone level between the two groups after intervention. We also compared changes in fasting serum insulin (FINS), homeostasis model assessment of insulin resistance (HOMA-IR) index, renal function between the two groups. Finally, we examined the changes in brain derived neurotrophic factor (BDNF) and insulin-like growth factor-1 (IGF-1) levels in both groups before and after intervention.
Subjects and methods

Subject
Evaluation methods. Elbow venous blood was drawn in the early morning and immediately submitted for detection of relevant biochemical indexes. The levels of serum small molecule proteins as β2-microglobulin (β2-MG), cystatin C (CysC), and retinol binding protein (RBP) were detected via enzyme-linked immunosorbent assay (ELISA). All reagents were provided by Beijing Jingmei Biology (Beijing, China). Tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) were detected via double-antibody single-step sandwich method. C-reactive protein (CRP) was detected via immunoturbidimetric assay. 25-hydroxyvitamin D was detected via unidimensional chromatography. Parathyroid hormone was detected via ELISA. Angiotensin II was detected via reversed-phase high-performance liquid chromatography (RP-HPLC). FINS was detected via Beckman Access DXI 800 chemiluminescent analyzer. HOMA-IR index = [fasting blood glucose (mmol/l) x FINS (mU/l)]/22.5. Renal function tests included the determination of blood urea nitrogen (urease -Nessler colordeveloping method), creatinine (chemiluminescence method), and uric acid levels (ELISA). BDNF was detected via ELISA. The normal reference range of IGF-1 in adults is 80-360 ng/ml.
Statistical analysis. SPSS 13.0 (IBM Corp., New York, NY, USA) was used for statistical processing. Measurement data were presented as mean ± standard deviation (mean ± SD). T-test was used for the comparison of means between the two groups and Chi-square test was used for the comparison of rates between the two groups. p<0.05 suggested that the difference was statistically significant.
Results
Time to clinical remission after intervention.
To determine the time to clinical remission, we examined the symptoms of mental fatigue and weakness, limb edema, soreness and swelling of waist and knee, cold limbs and limb numbness and pain. The experimental group achieved remission of each symptom faster than the control group and the differences were statistically significant (p<0.05) ( Table I) . Small molecular weight proteins in blood after intervention. After intervention, we analyzed renal function by measuring the levels of small molecular proteins in blood, including β2-MG, CysC and RBP. The experimental group showed levels within the normal levels for β2-MG, CysC and RBP, but the control group still showed elevated levels of β2-MG and CysC (Table II) . Comparing the values of the proteins for the two groups, the experimental group exhibited lower levels for all three proteins compared to those in the control group. The differences were statistically significant (p<0.05) ( Table II) .
Levels of inflammatory cytokines after intervention.
After intervention, we examined the levels of the inflammatory cytokines TNF-α, IL-6 and CRP to determine recovery from the nephropathy. The experimental group showed slightly high levels of TNF-α and normal levels of IL-6 and CRP (Table III) . In contrast, the control groups showed normal levels of CRP and elevated levels of TNF-α and IL-6.
Comparing the levels of cytokines in the two groups indicated that they were all lower in the experimental groups compared to the control group. The differences were statistically significant (p<0.05) ( Table III) .
Levels of endocrine hormones after intervention.
After intervention, we examined the levels of 25-hydroxyvitamin D, parathyroid hormone, and angiotensin II. The experimental group showed normal levels of 25-hydroxyvitamin D, low levels of parathyroid hormone, and high levels of angiotensin II (Table IV) . The control group exhibited low levels of of 25-hydroxyvitamin D and parathyroid hormone, and very high levels of angiotensin II. The differences were statistically significant (p<0.05) (Table IV) .
FINS and HOMA-IR indexes after intervention.
FINS was within normal range in both experimental and control groups (Table V) . But FINS was significantly higher in the experimental group than that in the control group. The HOMA-IR index in experimental group was lower than that in control group (Table V) .
Renal functions after intervention. Next, we examined renal function indexes by analyzing blood urea nitrogen, creatinine and uric acid. The levels of urea nitrogen, creatinine, and uric acid in blood were elevated in both the experimental and control groups. However, the levels were lower in the experimental groups than those in control group. The differences were statistically significant (p<0.05) ( Table VI) .
Levels of growth factors before and after intervention.
Lastly, we examined the levels of two growth factors, BDNF and IGF-1, before and after the intervention. BDNF was low in both groups before intervention and there was no statistically significant difference between the two groups (Table VII) . BDNF levels were significantly higher in both groups after intervention compared to those before the intervention. The levels of BDNF in the experimental group were higher than that in control group after intervention The differences were statistically significant (p<0.05) (Table VII and Fig. 1 ). Similarly, IGF-1 was low in both groups before intervention and there was the differences were not statistically significant (p>0.05) in the IGF-1 level between the two groups before the intervention (Table VIII) . IGF-1 levels were significantly elevated in both groups after the intervention than those before intervention. The differences were statistically significant (p<0.05) (Table VIII and Fig. 2 ).
Discussion
Diabetic nephropathy is one of the most common systemic complications in diabetic patients. This problem is caused mainly by glomerular sclerosis due to long-term chronic hyperglycemia (8) . The pathogenesis of diabetic nephropathy is complex and most scholars believe that it is mainly caused by renal hypertrophy, thickening of the tubular and glomerular basement membrane due to glomerular hyperperfusion, and increased filtration rate (9) . If patients with diabetic nephropathy are not treated timely, they develop renal failure and even uremia, threatening their lives. Therefore, special clinical attention should be paid to patients with diabetic nephropathy (10) .
In this study, patients with diabetic nephropathy received alprostadil alone or alprostadil combined with calcium dobesilate as symptomatic treatment. The remission time of clinical Figure 1 . Brain derived neurotrophic factor (BDNF) levels before and after intervention. There was no statistically difference in the level of BDNF between the two groups before the intervention (p>0.05). After intervention, the levels of BDNF were significantly higher in both groups than those before intervention (p<0.05). After intervention, BDNF level was higher in the experimental group than that in control group (p<0.05). Figure 2 . Insulin-like growth factor-1 (IGF-1) levels before and after intervention. There was no significant difference in the level of IGF-1 between the two groups before the intervention (p>0.05). After intervention, the levels of IGF-1 were significantly higher in both groups after intervention than those before intervention (p<0.05). After intervention, IGF-1 level was higher in the experimental group than that in control group (p<0.05). symptoms, such as mental fatigue and weakness, limb edema, soreness and swelling of waist and knee, cold limbs and limb numbness and pain, was significantly shorter in the experimental group than that in the control group, suggesting that the combined treatment can more efficiently relieve the clinical symptoms. In addition, the levels of β2-MG, CysC and RBP in serum were significantly lower in the experimental group than those in the control group, suggesting that the application of the combined treatment significance improves the renal filtering of small proteins. Moreover, the levels of TNF-α, IL-6, CRP and angiotensin II were significantly lower in the experimental group than those in control group. In contrast, the levels of 25-hydroxyvitamin D and parathyroid hormone were significantly higher in the experimental group than those in the control group. Thus, application of alprostadil combined with calcium dobesilate alleviates the inflammatory response and improves the levels of endocrine hormones. Additionally, FINS was significantly higher and HOMA-IR index was lower in experimental group than that in control group. Finally, the levels of BDNF and IGF-1 were higher in the experimental group than those in the control group after intervention, suggesting that the combined treatment increases insulin level, reduce insulin resistance, and regulate the levels of BDNF and IGF-1.
The application of alprostadil combined with calcium dobesilate in patients with diabetic nephropathy can more efficiently reduce the microvascular wall permeability, decrease the whole blood viscosity, and inhibit the platelet aggregation (11) (12) (13) . These effects significantly alleviate the clinical symptoms, reducing small molecule proteins from blood, and improving renal functions (14) . Moreover, calcium dobesilate can also reduce the vascular endothelial injury and inhibit apoptosis, restoring the filtration of small proteins, such as β2-MG, CysC and RBP. In addition, calcium dobesilate eliminates oxygen (hydroxyl) radicals and inhibits the inflammatory response (15) , reducing the levels of inflammatory cytokines. Moreover, calcium dobesilate can effectively stabilize capillary endothelial cells, reduce endothelial cell rupture (16) , improve lymphatic return and other functions (17) , inhibit secretion and synthesis of aldose reductase (18) , and decrease the levels of sorbitol (19, 20) , effectively regulating the levels of BDNF and IGF-1.
In conclusion, treatment with alprostadil and calcium dobesilate in patients with diabetic nephropathy effectively relieves clinical symptoms, improves the renal functions, reduces the levels of small molecule proteins in blood, alleviates the inflammatory response, and regulates the levels of BDNF and IGF-1.
